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1 
The present invention relates fo an improved 
taper control attachment for use with a swivel 
work support in a machine tool. The invention 
is herein disclosed in a preferred form as 
bodied in a cylindrical grinding machine of the 
2eneral type provided with a swivel table for 
grinding tapered work. 
Where if is required to grind tapered work fo 
close limits as, for example, fo thenearest ten- 
thousandth of an inch, an extremely accurate 
setting of the swivel support is required. Under 
conditions of commercial operation, considerable 
difficulty has been encountered in properly estab- 
lishing the angular position of the table with the 
required degree of accuracy. If has been round 
that the mechanical gauges and scales ordinarily 
employed for indicating the angular position of 
the table are not suited for the very fine adjust- 
ment here required and such devices have fur- 
ther been round subject fo error as a result of 
defiection and wear of the machine parts in- 
cluding particularly the pivot for the swivel table. 
If is the usual practice fo effect a fine adjustment 
in the position of the swivel table by means oï 
cut and try methods which involve the frequent 
measuring of the work by the operator and fur- 
ther require a very high degree of skill. 
If is the object of the invention fo provide a 
novel and improved taper control device for the 
assistance of the operator fo effect a setting of 
the swivel support which is quickly and easily 
arrived af, which eliminates any necessity for 
the frequent removal and measuring of the work 
as it is brought down fo size fo check inac- 
curacies, which is further independent of any 
inaccuracies which may be inherent in the 
chine, and which is accurate beyond the most 
exacting limits which may be demanded of work 
performed on the machine. 
In accordance with the invention, an indicator 
device for registering small angular movements 
of the swivel table is provided which comprises 
elements which are directly responsive fo move- 
ment of portions of the table at opposite sides of 
the swivel to provide an indication of such move- 
ment, means for Combining and for amplifying 
the indications of movement provided by said 
elements, and visual inspection means adapted 
and arranged to register the combined and 
amplified net indication so provided in terres of 
angular movement of the table and work sup- 
ported thereon in either direction. 
In the preferred form of the invention, elec- 
trical indicating, mplifying and visual inspec« 
tion units are employed. The electrical connec- 
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2 
tions include a group of bonded electrical strain 
sensitive gauges which are connected fo provide 
a balanced Wheatstone bridge circuit, an ampli- 
fier unit which may be of ordinary description 
5 including a potentiometer adapted for varying 
the sensitivity of the device, and a visual inspec- 
tion meter provided with a zero center scale. 
In carrying out the invention, two table con- 
tact gauge units are provided, one af each end 
10 of the table, each of which comprises an axially 
movable table contact plunger, and an element 
capable of being distorted to produce measurable 
variations of strain therein, said element in the 
present construction taking the form of a beam 
15 arranged fo be acted upon af one end by the 
plunger. Each of the elements or beams 
ferred fo has mounted on opposite sides thereof 
a bonded electrical strain sensitive gauge which 
serves fo detect and register variations of strain 
20 produced by any variation in the distortion of the 
beam. 
Further in accordance with the invention, the 
electrical strain sensitive gauges of the indicator 
device are arranged in a balanced Wheatstone 
25 bridge circuit in such a manner that movement 
of the work contacting plungers and consequent 
distortion of the beams associated with the gauge 
units at both ends of the table will cause a change 
in the conditions of resistance within the bridge 
30 circuit which takes into account both the amount 
and direction of movement of each end of the 
table and thus provides a net indication of the 
angular displacement of the table: 
Further in accordance with the invention, the 
35 potentiometer referred fo is calibrated in such a 
manner as to vary the amplification of the device 
in accordance with the length of the work piece 
fo be measured so that the meter reading of the 
angular change may be expressed correctly in 
40 terres of one ten-thousandth of an inch in the 
length chosen for measurement. 
With the above stated and otheï objects in 
view as may hereinafter appear, the several fea- 
tures of the invention consist also in the devices, 
45 combinations and arrangement of parts herein- 
after described and claimed which, together with 
the advantages fo be obtained thereby, will be 
readfly understood by one skilied in the art from 
the foliowing description taken in connection 
50 with the accompanying drawings, in which Fig. 1 
is a somewhat, fragmentary plan view of the 
swivel work support of a cylindrical grinding 
chine with the contact gauge units of applicant's 
taper control attachment in position af each end 
55 thereof, the covers of the units having been re- 



3 
moved fo show underlying parts; Fig. 2 is an 
elevation, looking ïrom the leït of Fig. 1, illus- 
trating particularly the arrangement oï the gauge 
unit at the leït-hand end of the swiveI table; 
Fig. 3 is a view in ïront elevation of the ampli- 
ïying unit and meter provided with the attach- 
ment; Fig, 4 is a diagram of the electrical con- 
nections embodied in applicant's taper control 
attachment; and Fig. 5 is a somewhat ïragmen- 
tarY view in left side elevation of a cylindrical 
grinding machine, indicating generally the work 
and grinding wheel supporting assemblies and a 
portion of the machine base. 
Reïerring fo the drawings, in Figs. i and 2 
there are shown a swivel tab!e a8 and a longi- 
tudinally reciprocable table support 12 for a cy- 
lin¢h'ical grinding machine having a base gener- 
ally designated at fi in Fig. 5. The swivel sup- 
port shown is oï a conventional type arranged 
fo have mounted thereon a head stock || and 
foot stock |3 oï ordinary description ïor support- 
ing and ïor rotating cylindricat work on centers 
ïor grinding. The grinding wheel | and grind- 
ing wheeI carriage |1, with relation t which the 
swivel support |0 and reciprocable support |2 are 
moved, are shown only in outline, as these parts 
may be of a conventional type, and ïorm specifi- 
cally no part oï the invention. For a more com- 
plete description and illustration of a machine 
of the generaI type fo which the present inven- 
tion is applied, reference may be had to the 
United States patent to" Mathewson et ai., Pat. 
No. 2,t65,898, patented Juty 11, 1939, for a Grind- 
ing iVachine. 
The taper control device for determining the 
correct angutar position of the swivel table and 
work piece mounted thereon which forms the 
subject-matter oï the invention comprises gen- 
erally two table gauge units |4 and |G located at 
the Ieït-hand and right-hand ends, respectively, 
of the swivel table |[}, and an electrical amplifier 
unit | 8 which houses the several electrical devices 
of ihe taper control device including a visual 
inspection meter having a 'zero center position, 
and a potentiometer and adjustable rheostat 
sociated .with the Wheatstone bridge circuit for 
controlling respectively the sensitivity and zero 
position of the pointer ooE the visual inspoction 
meter. These electrical connections wilI.be here- 
inafter more fully described. 
As shown in Figs. 1 and 2, the table contact 
gauge unit takes the form of a housing | which 
is nounted for adjustment transversely across 
the end of the table |2 on a guideway formed on 
a bracket - carried by the work table |2. The 
unit is rigiddy secured in position on the bracket 
by engagement of the enlarged head of a clamp- 
ing screw 24 cam'ied by the unit  in a i-shaped 
slot 25 formed in the bracket 22. The unit hous- 
ing I- provides support for a laterally extending 
table contacting plunger in the form of a sleeve 
member 2, which is slidably mounted in a jour- 
nal ïormed in the housing, An axiaI bore ex- 
tending through the sleeve member is adapted to 
receive a plunger 28 which is provided af ifs 
outer end with an enlarged fiattened contact 
head f). A manually oporable clamping screw 
32 screw-threaded into the side of the sleeve 
member 2S is arranged fo engage against and fo 
clamp the plunger 2 in an adjusted position lon- 
gitudinally of the sleeve member 2G. When the 
device is in operating position, the contact sur- 
face 3{} oî the plungcr 2, engages against a 
cooperating spheïical contact element 34 at the 
left-hand end of the swivel support 
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sleeve member 2 paes entirely through e 
housg and is ïormed at ifs rear end with a re- 
duced portion to receive a collar 3 and nut 8, 
these parts being arranged for engagement 
5 against a boss 9 on the housing |4 to limit the 
projecting movement of the s!eeve member 2. 
lovement of the s]eeve merrçer ir the opposite 
direction is limited by engagemen of a shoulder 
42 formed on the sleeve member with a boss 4 
10 on the opposite side of the housing |,2. It is con- 
templated that the work contacting p]unger of 
the gauge uni comprising the sleeve member 26 
and plunger 2 wilI have a range of movement 
approximately twenty thousandths of an inch. 
15 In order that the contact element may be sup- 
ported in intermediate position for purposes of 
adjustment in setthoEg up the gauge, a centering 
pin 8 is provided having af is inner end a V- 
shaped tlp for engagement with a corresponding 
2o V-shaped notch 48 in the sleeve member 28. A 
compression spring 5, coited about the centering 
pin-and seated at one end against the base of an 
enlarged portion of the pin receiving bore and 
at its other end against a co!lar secured fo the 
5 pin, acts normally to maintain the centering pin 
8 in a retracted inoperative position. Inward 
presstu'e exerted by the operator upon the cen- 
tering pin causes the pin to be seated in the 
notch 4 t0 center the sleeve member  in an 
0 intermediate position. 
iVIovement of the table contacting plunger com- 
prising the s]eeve member 28 is adapted fo vary 
the amount of distortion imparted fo a beam in 
order to produce measurable variations of strain 
Z5 therein. As best shown in Fig. 1, the sleeve mem- 
ber 25 has secured thereon a collar  which is 
arranged to bear against the free end of a beam 
$ rigidly secured at its other end by means of 
a stud $8 to a boss on the gauge unit housing |4. 
40 The beam $4 takes the form of a fiat spring-like 
plate which provides support for two bonded elec- 
trical strain sensitive gauges $8 and , the gauge 
 being secured fo the rear side of the beam  
and the gauge 6fl being secured fo the front side. 
,5 Any ariation of distortion of the beam $4 pro- 
duced by linear movement of the table contacting 
plunger 28 provides through the strain sensitive 
gauges an indication of the extent and direction 
of linear movement of the contacting portion of 
5o the swivel-table. 
The table contact gauge unit |  mounted at the 
right-handend of the tble | 2 and swivel table |  
is similar in many .respects fo the unit | previ- 
ously described and comp»ises a housing mounted 
55 for adjustment transversely of the table |2 on a 
guideway formed on a bracket 8 carried by the 
work table |2. The unit is rigidiY secured in po- 
sition on the bracket by engagement of an en- 
larged head of a clamping screv 8 carried by 
0 the unit |8 in a T-shaped slot 88 formed in the 
bracket 84. The unit housing | $ provides suppm:t 
ïor a laterally extending table contacting plunger 
in the form of a sleeve member  slidably mount- 
ed in the housing |8. An axial bore extending 
65 through the sleeve member is adapted to receive 
a plunger 2 which is provided at ifs outer end 
with an eniarged fiattened contact head ]. A 
manually operable clamping screw ] screw- 
threaded into the side of the sleeve membe 9 is 
7o arranged fo engage against and fo clamp the 
plunger 2 in an adjusted position ]ongitudinally 
of the sleeve member }. When set up for oper- 
ation, the housing |8 is .adjusted on its bracket 
and the plunger  is sufficiently extended so that 
the flattened contact head  engages against a 
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cooperating spherical contact element 75 ai the 
right-hand end of the swivel support 10. The 
sleeve member 7] passes entirely through the 
housing and is ïormed at ifs rear end with .a re- 
duced portion to receive a collar 80 and nut 82, 
these parts being arranged for engagement 
against a boss 84 on the housing 16 to limit the 
projecting movement of the sleeve member 70. 
Movement of the sleeve member in the opposite 
direction is limited by engagement of a shouider 
36 formed on the sleeve member with a boss 66 
on the opposite side of the housing 10. If is con- 
templated that the contact plunger of the gauge 
unit comprising the sleeve member 7] and plunger 
72 wfll bave a range of movement approximating 
twenty thousandths of an inch. A centering pin 
9 extending radially of the sleeve member 7 in 
the housing and having ai ifs inner end a V- 
shaped tip ïor engagement with a corresponding 
v-shaped notch 3 in the sleeve member 7 pro- 
vides a convenient means for moving the work 
contacting plunger to a position intermediate ifs 
limits of movement. The construction and ar- 
rangement of the centering pin 9] is simflar to 
that of the centering pin 48 previously described 
in connection with the gauge unit 14, being spring- 
pressed outwardly to a normally inoperative po- 
sition and adapted fo be forced inwardly by man- 
ual pressure when desired to move the table con- 
tacting plunger to its intermediate position. 
The table contacting plunger comprising a 
sleeve member 7] is operatively connected to a 
distortable element capable of having measurable 
strains imparted thereto in the form of a beam 
94 which takes the ïorm of a fiat spring-like plate. 
The beam 94 is rigidly supported atone end with- 
in the housing 16 and at ifs other end is arranged 
fo bear against a collar 96 on the sleeve member 
7. Two bonded electrical strain sensitive gauges 
9S and 109 .are mounted on the beam 94, one 
gauge 93 being mounted on the front side of the 
beam and the gauge H]] being mounted on the 
rear side thereoï. With this construction and 
arrangement of the table gauge unit 16, the 
change of electrical resistance in the strain gauges 
98, 190 caused by the variable distortion of beam 
34 as the table contacting plunger 7] is moved 
forward or back, provides an indication of the 
extent and direction of movement of the right- 
hand end of the table. 
The beam 94 associated with the right-hand 
table gauge unit 16 is adjustably supported fo 
permit a slight adjustment in the distortion of 
the beam independentiy of any movement of the 
table contacting plunger comprising sleeve ruera- 
ber 70 and plunger 72. To this end, the beam 
94 is rigidly secured to a sleeve member 102 which 
is in turn secured to a pivot pin I ]4. AISo ïormed 
on the sleeve member t02 is a leftwardly extend- 
ing aïî I which is arranged fo be engaged by 
one or the other of two stop screws which in- 
clude a lirnit stop screw 1]8 and a manually op- 
erable adjusting stop screw 110. The arrange- 
ment of these parts is such that the distortion 
imparted to the bem 94 acts to maintain the 
arm 106 in contact with these screws. Also urg- 
ing the bracket t. and arm 1]6 against stop 
screws t3 and t0 is a Spring-pressed plunger 
11  which is seated in a bore formed in the hous- 
ing 16 and is arranged for engagement with an 
abutment on the opposite side of the sleeve ruera- 
ber t62 and arm I$. By manual adJustment of 
the screw stop 1t0, a limited adjustment of the 
amount of distortion of the beam 94 may be ef- 
ïected between limits provided by the limit stop 

screw 1]6 and by a limitation of the Inward 
movement of the adjustable stop screw I1 as 
the enlarged end thereof moves into engagement 
with a boss on the housing 16. This adjustment 
5 may be employed by the operator, for example, 
to test the extent of the magnification of the de- 
vice or if so desired, or to bring the pointer on 
the visual inspection meter to a precise zero po- 
sition. For use in checking the magnification 
10 of the electrical amplifier unit, the limit screw 
1]6 is set so that movement of the arm H]6 from 
one to the other limit wfll effect a movement of 
the pointer equivalent to an exactly predeter- 
mined movement of the table contacting plunger 
15 comprising the sleeve member 7] and plunger 
. If, when this operation is performed, the 
pointer moves over a greater or lesser than the 
prescribed number of divisions, the error is èas- 
fly corrected by adjustment in the electrical mag- 
20 nification of the amplifying unit. 
The pivotal support or swivel for the swivel 
table I is indicated generally at 114 in Fig. 1. 
The mechanism for adjusting the angular posi- 
tion of the table about the swivel 114, which is of 
25 ordinary description, is also generally shown in 
Fig. 1 and comprises an adjusting screw 
which is mounted for rotational movement in a 
swivel bearing I I 8 carried on the longitudinally 
movable table IR. The adjusting screw 118 is 
:0 screw-threaded to a swivel nut generally, indi- 
cated at IR0 and mounted in the swivel table 
Rotation of the screw 116 may be readfly effected 
by the use of a wrench which is applied to the 
hexagonal head 12 formed on the end of the ad- 
35 justing screw I 16. 
In the preferred ïorm of the invention herein 
çarticularly described and illustrated, an electri- 
cal control and amplifier system is employed for 
registering the indication of movement of the 
40 leït-hand and right-hand ends of the swivel 
table provided by the operation of the leït-hand 
and right-hand table contact gauge units above 
described, for combining these indications in 
such a manner as fo provide a net indication of 
45 the turning movement or angular displacement 
of the swivel table, and for amplifying and for 
registering on the dial of a meter for visual 
spection the net indication thus produced. The 
electrical system referred fo includes the four 
5O bonded electrical strain sensitive gauges 6, , 
93 and t}0 above described which, as clearly 
shown in the electrical diagram, Fig. 4, are ar- 
ranged to ïorm a balanced Wheatstone bridge 
circuit. Inasmuch as electrical strain sensitive 
55 gauges including ampliïying electrical circuits 
for the saine are well-known, it is believed unnec- 
essary fo describe these devices in detafl, except 
fo point out that a gauge of this general descrip- 
tion comprises a finely drawn wire which is 
6O bonded throughout its effective length in a suit- 
able ïorm of cementing agent, and the gauge is 
then simflarly secured or bonded fo the surface 
of the strained element. 
The electrical control and amplifier circuit 
65 provided for use vith applicant's taper control 
indicatov device is illustrated in somewhat dia- 
grammatic form in Fig. 4 of the drawings. Since 
certain of the electrical devices employed and 
certain portions of the electrical circuit in which 
7O these devices are embodied are well-known in 
the art and form specifically no part of the pres- 
ent invention, only such description is included 
herewith as is believed necessary to enable one 
sMlled in the art to understand the connection 
75 of the present invention therewith. As shown in 



Fig. 4, the two elec£rical strain sensitive gauges 
58, 8.{} embodied i:n the left-hand table contact 
gauge unit I and the tvo electrical s£rainsensi- 
rive gauges ff.8, 100 incorporated in the right- 
hand table contact gauge unit 8 mie connec%ed 
to form a Whea%stone bridge halanced circuit. 
Current is supplied to the strain .gauge Wheat- 
stone bridge circuit from an A.-C«supply through 
a conventional rectifier circuit which serves to 
supply a filtered direct current vóltage. Part of 
the D. C. carrent is. regutated by a gaseons regu- 
lator tube which, being a piece of ordinary equip- 
ment, is hot shoev.n, tA suppty a t000 cycles-per- 
second triode oscfl/ator nd the last amplifier 
tube of the ampli,fier ch'cuit which is again o£ 
oïdinary description. The 10{],0 cycles-per-sec- 
ond oscilla-tor suppl.ies the Wheatstone bridge 
through secondary T2,! of the oscillator trans- 
former, and also the rectifier RX çhrough sec- 
ondary T2,2 of the sume oscillator transformer. 
Forming part of the Wheatsto,ne bridge ci.rcuit 
are two resisters I%.t and I%9 which, together 
with the potentiometer R2, afford-a means for 
electrically adjusting the unbala-nce of the strai.n 
gauge .bridge circuit. This ad]nstment may be 
employed through the agency of a manual con- 
trol knob 23 (Fig. 3) fo secure a zero setting 
of the pointer for the visual inspection meter 
generally indicated at M in Figs. 3 and 4. Any 
unbulance voltage appearing cross twe oî the 
points designated t I and 2, respectvely, is fed 
fo the potentiometer 1%3 which, by means of a 
conventional manualty operable knob 2, 
oointer 125, and graduated scale 26 on the front 
f the amplifier unit shown in Fig. 3, is used 
to vary the sensitivity of the dev.ice. Any de- 
sh'ed fraction of the unbalance voltage appear- 
ing at points I and 2 is selected and impressed 
on the grid of the first amplifier tube of the 
amplifier. The ,unbalance voltage is amplified 
and appears in the secondary T3, of the output 
transformer associated with the last amplifier 
tube. The output current is rectified by the cir- 
cuit consisting of the ring connected coppe-r oxide 
rectifier l%X, and the transformer windings 
and T2,2. A current fiews through the visual in- 
spection meter tVï provided with the amplifier 
unit, this carrent being proportional to the 
strength of the outpu.t veltage hence to the de- 
gree of struin guge Wheatstone bridge unbal- 
ance, and in a di'ection determined by the rela- 
tive phase relations between the voltage in the 
transformer winding T2,2 and the voltage in the 
transformer winding T$,  which is in turn deter- 
mined by the direction of the strain gauge 
Wheatstone bridge unbalance. 
In accordance wi-th the invention, the Wheat- 
sone bridge circuit referred to is so a.rranged as 
fo provide a net indication of the moements of 
the two ends of the table, nd for this purpose 
is so arranged that the indication pro.vided by 
the variable distortion of the beam in the table 
contact gauge unit at one end o the table is 
contrasted with or subtracted from the indica- 
tion produced by the variable distortion o. the 
heam in the table contact gauge trait at the op- 
psite end o the t-b!e. Fron] an inspection eï 
Figs. 1 and 4 of the drawings, if will be noted 
that gauges 88 and 6} are respec.tively in the 
front and ïer positions o beam 54 associated 
with the left-hand unit and gau-ges 9 and 
occupy respectively front nd. reer positions on 
the beam 94 associated-with the right-hund unit. 
If the swivel table :} is now assùmed to pivot 
with the right-hand end moving toward the 

rear of the machine .or avay zom the operator 
and with the leït-hand end moving toard the 
operator, the beams or plates on whiCh khe strain 
auges are mounted will bend bi o.pposite direc- 
5 tions. Under these conditions, the to gauges 
.0 anti  would record like strains which, in 
this instanc.e, are strains due io the inerease of 
tension on the stufaces of the .beams t,o which 
the gauges are attached. Correspondingly, 
10 gauges 58 and 1. would recmd like strains 
which, in tkis instance., ar.e strains of compres- 
sion .as the surfaces of the beams to which these 
ganges-are attached are contracted. Set up in 
this manner, the heatstone bridge circuit op- 
]5 erates to pz:ovide an accnrate indication oî he 
net angular displacement or movement of the 
swïvel tble and this resu/t is reached by raeas- 
uring the distance actually .moved by the two 
contacting portions of the table at oppoSite sides 
-0 of khe table pivot. With this arrangement, it 
will be readfly evident that the indication az- 
ri?ed at of angular movement of ,the table s 
entirel: independent of mechanical or other er- 
tors of the meohanism of the machine which 
o_5 might result, for examp!e, îrom tooseness of w.er 
in the swivet mounting for the table. 
Further in accordance with the invention, the 
adjustment fr sensitvity of the device provided 
by the potentiometer 1%3 is employed to cause 
3o the pointer M to give a direct indication of tahe 
angular movement in convenient units as, for 
example, i ton thousandths of an inch in the 
length of work to be measured, that is, the length 
of work piece placed on meter. To this end, the 
3,5 pòtentiometer is adjusted in aceordance wi-th 
the ratio of the length oi work to be mesured 
to the fu,ll length of the table-so -that a direct 
redig, may be obtained on the.meter M in. terres 
o cenvenient .units, as ton thousandths of an 
40 inch of change in diameter of the work piece in 
tts leng-th. For convenience of ma-nipula.tion, 
the potentiometer dial designated at S0 in Fig. 
3 is scaled in accordance with the number of 
inches of length oi the work piece fo be measured 
so- that the indication provided by mov.ement 
4.5 
of the meter pointer ene division on scale 
will, f.or that length of work, rep'esent an angu- 
la displacement of the swivel support so that 
the difference .in dia-meter between the ends of 
the loiece wfll be changed one. ten-thoasandh. 
50 
For use in connection with the taper grindïng 
of cylindrical work, the several electrical de-ices 
above deseribed are adjusted and set up in. 
cordance with a formula, 
55 
2 (A-- B)q 
in w.hich A represents the change in position of 
the right-hand end of the swivel table, B repre- 
6o sents the change in position of the leït-hand end 
of the swivel table, l represents the distance be- 
t'een .actual points of contact of the gauge units 
. and .8 wih the swivel table, that is, the effec- 
tive length of the table, L repesents the length 
65 of work set on meter, that is, the length of the 
taper which is fo be calipered and ground, and 
the number "'2" is a multiplication factor neces- 
sitated by the f-act that the caliper measure- 
ment of error of the ground work piece is a meas- 
ï0 urement of .diameter and this is exactly twice the 
distance through which the corresponding por- 
tion of the vork piece on its line of centers and 
the table l must be moved angularly to effect 
theangular correction.in the position of the table 
75 and work piece. The operation of the taper con- 
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trol indicator of the preferred form of the pres- 
ent invention is such as to automatically inte- 
grate and fo record in a meter reading the sev- 
eral factors of this formula, so that a direct 
reading of the extent of the angular movement 
of the surface of the tapered work piece pro- 
duced by movement of the table il} is obtained in 
convenient units, preferably in ten-thousandths 
of an inch. 
The several parts of the electrical control and 
amplifier system are represented by the several 
expressions in the formula as follows: the ex- 
pression "_4--B" expresses the operatton of the 
Wheatsfne bridge circuit whereby the indica- 
tion obtained af one end of the table is inte- 
grated with respect fo or subtracted from the 
indication obtained ai the other end of the table., 
The expression 
which is a statement of the ratio of the length 
of the work on meter fo the length of the table 
is expressed in the manual adjustment of the 
pointer J25 of the potentiometer R3 which, as 
above noted, is calibrated to be read directly in 
terres of inches of length of the work piece placed 
on meter. 
The taper control indicator for a swivel sup- 
port above described has been round to be of 
particular advantage in that if provides an ex- 
tremely accurate and continuous indication of 
the angular position of the swivel support and 
rotating work piece mounted thereon. Thus, 
the operator is notified instantly of any change 
of position of the table, however small, which 
may take place after the table has been set in 
the correct position for finish grinding. Such 
changes are of frequent occurrence and maF be 
caused, for example, by the gradual or delayed 
release of friction stresses set up when the swivel 
support is rotated, or as a result of the vibra- 
tion and stresses incidental fo grinding. The 
use of a visual inspection meter arranged fo 
provide a continuous and accurate indication of 
the angular position of the swivel support has 
been round to be of particular value further in 
that it eliminates the necessitF for frequent cali- 
pering of the work piece as it is ground to size, 
and thons makes possible a substantially in- 
creased production on the machine and with 
marked improvement in the qualitF of the work 
produced thereon. 
While the invention has been herein disclosed 
in a preferred form as embodied in a taper con- 
trol indicator in which a group of electrical 
bonded strain sensitive gauges is emploFed fo 
detect and to provide indication of net angular 
movement of a swivel support, together with an 
electrical control and amplifier sFstem for reg- 
istering such indication for visual inspection, if 
will be undersood that the invention in its 
broader aspects is not limited fo the specific 
embodiment shown, and that in accordance with 
the teaching of the invention, any means other 
than the electrical devices shown may be em- 
ploFed to secure simultaneous indications of lin- 
ear movement of both ends of the table and to 
combine said indications into a net indication 
which will continuouslF express in convenient 
units of linear measurement the present posi- 
tion and extent of angular displacement of the 
swivel support and work piece mounted thereon. 
It wfll be understood further that the expres- 
sion "tappr control" as used in this specification, 

is intended to include the removal of any exist- 
ing taper from a work piece. 
Certain novel features embodied in the illus- 
trated construction which relate particularly rG 
5 the construction and arrangement of the gaug- 
ing unit including the strained element and 
bonded electrical strain sensitive gauges mount- 
ed thereon for indicating movement of a gaug- 
ing element, forms the subject-matter of appli- 
10 cant's copending application for Letters Patent 
in the United States Patent Office, Serial No. 
608,153, filed August 1, 1945, issued as Patent NO. 
2,581,264, dated Januazsr 1, 1952, for Gauges. 
The invention having been described, what is 
15 claimed is: 
1. In a cylindrical grinding machine having a 
grinding wheel and cylindrical work supporting 
means arranged for relative rotational and trans- 
.latory movements for grinding tapered cylin- 
20 drical work pieces, the combination of a base, 
a grinding wheel support and a primary work 
support arranged for relative translatory and 
depth feeding movements on the base, a swivel 
support having centers for rotatably supporting 
25 a cylindrical work piece, and a device for con- 
trolling the angular relation of the swivel sup- 
port to the primary support including a swivel 
mounting for the swivel support on said primary 
support, and a taper control indicator for effect- 
30 ing an angular setting of the swivel support with 
relation fo said primary support which is inde- 
pendent of said swivel mounting and comprises 
elements directly responsive fo movement of por- 
tions of the swivel support spaced from one an- 
35 other along the swivel support with relation fo 
similarly spaced opposite portions of the primary 
support fo provide an indication of such more- 
ment with relation fo said opposite portions, and 
means for combining said indications to provide 
40 a net indication of angular displacement of the 
swivel support with relation to the primary sup- 
port. 
2. In a cyiindrical grinding machine having a 
grinding wheel and cylindrical work supporting 
45 means arranged for relative rotational and trans- 
latory movements for grinding tapered cylin- 
drical work pieces, the combination of a base, 
a grinding wheel support and a primary work 
support arranged for relative transiatory and 
50 depth feeding movements on the base, a swivel 
support having centers for rotatably supporting 
a cylindrical work piece, and a device for con- 
trolling the angular relation of the swivel sup- 
port to the primary support including a swivel 
55 mounting for the swivel support on said prirnary 
support,, and a taper control indicator for efïect- 
ing an angular setting of the swivel support with 
relation fo said primary support which is inde- 
pendent of sald swivel mounting and comprises 
60 elements directly responsive fo movement of por- 
tions of the swivel support spaced from one an- 
other along the swivel support with relation to 
opposite portions of the primary support to pro- 
vide an indication of such mOvement, means for 
65 combining said indications fo provide a net indi- 
cation of angular displacement of the swivel sup- 
port with relation fo the primary support, and 
visual inspection means responsive fo said net 
indication. 
7O 3. In a cylindrical grinding machine having a 
grinding wheel and cylindrical work supporting 
means arranged for relative rotational and trans- 
latory movements for grinding tapered cylin- 
drical work pieces, the combination of a base, 
75 a grinding wheel support and a primary work 
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support arranged for relti,e tr-nslatory and 
depth feeding movemen.t& on the be, a sel 
support hang centers, fer rotatbly suçorting 
a lindrical ork piece, nd .a de.ce for con- 
ong the anlar reItio of the sue sup- 
por . he prry sport ilin  sel 
mountig for th sie] suppm, on said mary 
spport, and- a per conZl indicar for effect- 
inc an angular setting of Zhe .sivel support wth 
relatio te sid primary support -ch. is iade- 10 
penden.t of said. sw.ieI meug n comprises 
elemen.ts.dire¢ly respensive fo. movement e per- 
tions er çhe sveI support spaoed: fr. one 
other along çhe sel support wih relation fo 
opposi portions of the prary.suppor. , pro- 
vïde an iadicaion of such meme, moins for 
combining said mcations te. proAe a net 
dîction of angular splacemen of the swie] 
suppo h relation to he prry spert, 
means for amplng sid t in.cation f an- 
gutar splacment.oï the sivet: suppôt, nd' vis- 
u mspectn means  remiser said amplified 
net iication of angr dplacement of the 
swivel suprt. 
  a cydEical grng ce hag 
g wl d cydr ork ppmng 
ma aanged.fOr oee roeal and ts- 
ttory momen f nng ped - 
icat work pieces-, the combation of a 
a ng wheel support and a prary k 
suppo amaed for relative translato d 
deph feeag moyenne on the se, a swivel 
suppo having ceaters for rotata-by supporfg 
a cylinical work piece, nd a de.ce for còn- 
troHing the anlar relation of the swivet sup- : 
port  -the prar suprt i-ncluding a swivel 
mounting for the swi»' support on said .pry 
support, and a taper control i, ndiaor for effect- 
hg an. angular sei-ng of the swiv support with 
relation o said imaw support which  de- 
pendent  said swivel moting and cempAses 
elements directly responsive  movement of er- 
tions of the swivel support spaced fom one - 
other along the swiel pport with relaon 
opposite portio of the pr suort fo pro- 
vide a dication er such movemen.t, mea for 
comng said indications  provide a net ndi- 
cation of angular displacement er the swel sup- 
port with relation fo the prary support» mes 
for amplyng sid net dication of anlar d- 
placement  the swi.vel support, visual pec- 
tion moins to regisr said ampled net indica- 
tion of angular displacement óf the swivel sup- 
port, and means der the conròl of the opera- 
for fo vy the degree of sa:td ampHfication - ac- 
cdnce with fhe length óf work piece fo be 
meased whereby the ne dication regred 
y said vual inspectiòn mea correspon fo 
the extent of angar móvemen of the work piece 
over i length. 60 
5. In a cyldrica-1 gr.ng mache havg a 
grdg wheel and cyHnical work supportg 
mea arranged for relative rotatienal and trans- 
latory movemen for grding tapered cFl- 
drioel work piec, the combinatn of a base, 65 
a grinding wheel support d a pm wok 
suprt amanged for relave translary and 
depth feeding movemen on the se, a svel 
support having centers for rotatably surtg 
a cyldricaI wok piece, and a de,ce fe con- 70 
troltig the anlar relation of the svel sup- 
er  the pary support incuding a swivel 
motg for the swivet suppo on sd prary 
support, d a tap control r for 
inc  anar settg of the svel support with 75 
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relation to said. pçirnry support which is. inde- 
pendent, of said swivel mounting ard oemprises 
elemen, conuoIF resp.onsie fo changes 
position  portions .er the s2el suppo:t spaced 
fmm: one anoher long the lengtt er the swivel 
suer ith relation to posite portions of the 
prima. support te proï a continuo indica- 
tien. of such movement, means to transmt d to 
combine said indications  provide a 
net ineation e angular disptacemenis e the 
swivel ppert, n uI inspection moins con- 
inuously resonve  saï ne ïndïcatien. 
6. In a cyl.rial g:ning machine ha-ing a 
gridg wheet. and cytindçil ork .porting 
'me. urrnge: or relative. e.«ionut nd trns 
la.tory mements for inng upered 
dricul: work pieces, the cembïon. f  se, 
u grinng wheel support und  prïm work 
support arrunged for relative trnsluory and 
depth feeding movemen on the buse, u swivel 
support hving centers for rotatably supportg 
 cyH.ric wrk pe,, aad u ce £or con- 
telH te " retn £ the. s[vel sup- 
pôt .fo the pury sport cu a sw2vel 
mouni.ng for the. s-el..suDport oa si y 
suppo, d u taper coaocur £o effefi 
lution fo suid praT support which i 
posent er sd sivel mouing und cempçes 
u pir o£ support mevement gue uns cted 
i.n sced relation ulog the lng.th oï the swiel 
ppot,. each cempring  emt espene 
te moent o£ n..afljacent ti» o.suid svvel 
support i£. relation to. a eposite portion 
the ruy support d.  .etectricl 
capable, of being va.re i uccordunce :i.th the 
reonse of si element, and etectrioe nd.icutg 
d umptlfying me fro" pro2dig a net 
tion e ung.utr .meement o£ he. si-vel suppôt 
ith lçion  he primary-support compring 
u baIane& euste e circuit incorporer- 
inc sui, vrle eel, renes rungd 
 produce un un.bulnee cm, re us u ne i,nc- 
tion e a-rigoler meeme,of he sl supperk 
.   cnc gring mchi.ne hg 
grding wheel ad ¢tindrieal erk supperg 
meus aa.n- fer-relative reonul u-n 
lry mevemen er gin., tpered 
dricl work pieces, the cmbie  a bue, 
 ining wheel supor n a primry work 
sport uçmnged fer relutive. runslatory und 
depth £eeding movem on e base, u sw£vel 
support having cenrs for rotaiy sporçmg 
a cyldri work pieCe, n  e¢e er con- 
el]ing the unr reluie .o the se sup- 
per . the prery sppe in¢lding  swivel 
moti.ng er he swvel sport on sa[ priry 
spe, nd u per corel ¢uter er eect- 
 n un.lr settg of the swivel suppe with 
rela.ton o. sid rury support which is de- 
nden e£ sid. sve meug un om.prises 
 pr of spòrt movement guge ts ocuted 
in sçced relu£ion- lng he leh, af the swvel 
support, ech comprisg n .elemen responsive 
to-mavemen o un cenç poio of sud swivet 
support with reluim : un oposi prtion of 
the prim'y suoït nd  e]eetcat resistnce 
pubte of being ued in ccdce th the 
ree of sd etemen,, eec[cul utg nd 
mp]g me  oeig  net indcaion 
of ungl movenç OE t i pport com- 
is a oed te bridge circuit 
coorg saoE able eI£rul resistces 
ed o predu¢  unbnce oerrent 
net ¢ution  g:r movement of the swïvel 
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support, amp]ifying means for sail current, and 
a meter responsive to both direction and strength 
of the amplified current to provide a visual net 
indication of said angular movement of the swivel 
support. 
8. In a cylindrical grinding machine having a 
grinding wheel and cylindrical work supporting 
means arranged for relative rotational and trans- 
latory movements for grinding tapered cylin- 
drical work pieces, the combination of a base, 
a grinding wheel support and a primary work 
support arranged for relative trans]atory and 
depth feeding movements on the base, a swivel 
support having centers for rotatably supporting 
a cylindrical work piece, and a device for con- 
trolling the angular relation of the swivel sup- 
port to the primary support including a swivel 
mounting for the swivel support on said primary 
support, and a taper control indicator for effect- 
ing an angular setting of the swivel support with 
relation to said primary support which is inde- 
pendent of said swivel mounting and comprises 
a pair of support gauge units located in spaced 
relation along the swivel support each compris- 
ing an element carried on one of said supports 
responsive to movement of an opposite portion 
of the other of said supports and an element 
capable of being distorted to produce measurable 
variations of strain therein arranged tobe acted 
upon by said element, and electrical indicating 
and amplifying means for providing net indi- 
cation of angular movement of the swivel support 
comprising bonded electrical strain sensitive 
gauges on each of said distortable e]ements and 
a balanced Wheatstone bridge circuit incorporat- 
ing said strain gauges arranged to produce an 
balance current as net indication of angular 
movement of the swivel support, amplifying 
means for said current, and visual inspection 
means responsive to both direction and strength 
of the amplified current fo provide a net indica- 
tion of said angular movement of the swivel sup- 
port. 
9. In a cylindrica] grinding machine having a 
grinding wheel and cylindrical work supporting 
means arranged for relative rotational and trans- 
latory movements for grinding tapeïed cylin- 
drical work pieces, the combination of a base, 
a grinding wheel support and a primary work 
support arranged for relative trans]atory and 
depth feeding movements on the base, a swivel 
support having centers for rotatab]y supporting 
a cylindrical work piece, and a device for con- 
trolling the angular relation of the swivel sup- 
port to the primary support including a swivel 
mounting for the swivel support on said primary 
support, and a taper control indicator for effect- 
ing an angular setting of the swivel support with 
relation to said primary support which is inde- 
pendent of said swivel mounting and comprises 
a pair of swivel support movement contact gauge 
units located in spaced relation along the swivel 
support each comprising a movable contacting 
member carried on one of said supports, an ele- 
ment carried on an opposite portion of the other 
of said supports capable of being distorted to pro- 
duce measurable variations of strain therein con 
nected tobe acted upon by said contacting mem- 
ber, and electrical indicating and amplifying 
means for providing net indication of angular 
movement of the swive] support comprising a 
pair of bonded electrical strain sensitive ga,uges 
mounted on opposite sides of each of said distort- 
able elemen, a balanced Wheatstone bridge cir- 
cuit incorporating said strain gauges arranged to 
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produce an unbalance current as a net indication 
of angular movement of the swivel support, a 
potentiometer through which said unbalance cur- 
rent passes for adjusting sensitivity of the indi- 
5 cator, amplifying means for said current, and a 
meter responsive to both direction and strength 
of the amplified current to provide a visual net 
indication of said anguiar movement of the swivel 
support. 
]0 10. In a cy]indrical grinding machine having 
grinding wheel and cylindrical work supporting 
means arranged for relative rotational and trans- 
latory movements for grinding tapered cylin- 
drical work pieces, the combination of a base, 
]5 a grinding wheel support and a primary work 
support arranged for relative translatory and 
depth feeding movements on the base, a swivel 
support having centers for rotatably supporting 
a cylindrical work piece, and a device for con- 
20 trolling the angular relation of the swivel sup- 
port to the primary support including a swivel 
mounting for the swivel support on said primary 
support, and a taper control indicator for effect- 
ing an angular setting of the swivel support with 
2 relation fo said primary support which is inde- 
pendent of said swivel mounting and çomprises 
means responsive to movement of portions spaced 
along the swivel support for providing indications 
of movement of each said portion with relation 
30 to the primary support, means for combining said 
indications of movement to secure a net indica- 
tion of angular movement of the swivel support, 
means for modifying said net indication in ac- 
cordance with the ratio of the length of work 
35 piece on meter fo the length of support included 
between said portions of the swivel support to 
provide a net indication of a unit change in the 
difference of size of the work piece in said ]ength 
of work piece on meter, and visual inspection 
40 means for registering said modified net indica- 
tion in terres of said units. 
ii. In a cylindrical grinding machine having a 
grinding wheel and cylindrical work supporting 
means arranged for relative rotational and tran- 
45 latory movements for grinding tapered cylin- 
drical work pieces, the combination of a base, 
a grinding wheel support and a primary work 
support arranged for relative trans]atory and 
depth feeding movements on the base, a swivel 
5) support having centers for rotatably supporting 
a cylindrical work piece, and a device for con- 
trolling the angular relation of the swivel sup- 
port to the primary support inc]uding a swivel 
mounting for the swive] support on said primary 
 5 support, and a taper control indicator.for effect 
ing an angular setting of the swivel support wih 
relation to said primary support which is inde- 
pendent of said swivel mounting and comprises 
a pair of support movement gauge units respon 
0 sire fo movement of different portions of the 
swivel support removed from the swivel mount- 
ing, each comprising an e]ement carried on one 
of said supports responsive to movement of an op 
posite portion of the other of said supports and 
5 an electrical resistance capable of being varied 
in accordance with the response of said element, 
and electrical indicating and amplifying means 
for providing a net indication of angular more- 
ment of the swivel support comprising a balanced 
70 Wheatstone bridge circuit incorporating said vari- 
able electrical resistances arranged to produce an 
unbalance current, amplifying means for said cur- 
rent including a potentiometer, and a meter 
sponsive to both the direction and strength of 
75 the amplifled current wherein the Wheatstone 



bridge, the potentiome£er an-d the meter are ad- 
justed in accordance with the formula 
2(A--B) 
in which A represents the change of posîtion of 
one said portion oï the swiveI support, B repre- 
sents the change oï posîtîon oï the other saîd por- 
tion of the swivel support, I represents the dis- 
tance between said portions of the swivel support, 
and L represents the length of work set on meter. 
12. In a machîne tool in whîch the tool and 
work piece are supported for relatîve movements 
including translatory movement for the perform- 
ance of an operation upon the work pîece, the 
combînation of a work -support assembiy includ- 
ing a primary support movable fo effect said rela- 
tive translatory movement, a swivel work support, 
a swivet mounting for the swivel work support 
on said primary support, a taper control indi- 
cator for effecting an angula.r setting of the swivel 
work support wit relation fo said primary sup- 
port which comprises a pair of support movement 
gauge units located in spaced relation along the 
length of the swivel work support each comprising 
a housing on the prinmry support, a gauging 
member having a fiat engaging surface movable 
on the housing and a cooperating rounded con- 
tact surface on an adjacent portion of the swivel 
work support ïor moving the gauging member 
therewith, a separate element in each housing 
giving an individual response to movement of 
the asociated member, means to provide an indî- 
cation oï the movement of each of said members, 
and means ïor combining said indications fo pro- 
vide a net indication ïor angular displacement 
of the swivel work support with relation fo the 
primary support. 
13. In a machine foot in which the tool and 
work piece are supported for relative movements 
including transtatory movement for the perform- 
ance of an operation upon the work piece, the 
combination of a work support assembty includ- 
ing a primary support movable to effect said rela- 
tive translatory movement, a swivel work support, 
a swivel mounting for the sdvel work support 
on said primary support, a taper control indi- 
cator for effecting an angular setting of the swivel 
work support with relation fo said primary sup- 
port which comprises a pair of support movement 
gauge units tocated in spaced relation along the 
length of the swivel work support each comprising 
a housing carried on the primary support, means 
for adjusting the position of the housing on the 
primary support substantially in the direction of 
movement and substantially in accordance with 
the angular position of an adjacent portion of the 
swiveI work support, gauging members carried by 
each housing and a cooperatïng contact suïface 
on said adjacent portion of the swiveI work sup- 
port for effecting movement of the gauging more- 
ber therewith, elements in each of said housings 
directly responsive to movement of the cooperat- 
ing gauging member in the housing, and means to 
detect, transfer and combine in a net indication 
the response of said elements in terms of angular 
displacement of the swivel woïk support with re- 
lation to the primary support. 
14. In a cylindrical grinding machine having a 
grinding wheel and cylindrical work supporting 
means arranged for relative rotational and trans- 
latory movements for grinding tapered cylin- 
drical work pieces, the combinatîon of a base, 
a ginding wheel support and a prirnary work sup- 
port arrazged for elative tarmlatory and depth 

feeding movements on the base, a swiveI support 
having centers for rotatably supporting a cylin- 
dicaI work piece, and a device for contïoliing the 
angular relation of the swivel support to the 
5 primalj support including a swivel mounting for 
the swiveI work support on said primary support, 
a taper controI indicator for effecting an angular 
setting of the swivel work support with relation 
fo said primary support which is independent 
10 of said swiveI mounting and comprises a pair of 
support movement gauge units located in spaced 
relation along the length of the swiveI woïk sup- 
port each comprising a stationary housing, means 
for effecting a rough adjustment in the position 
15 of each housing with relation to the primary sup- 
port substantially in the direction of movement 
of an adjacent portion of the swivel work support, 
gauging members carried by each housing and 
cooperating contact elements on said adjacent 
20 portions of the swivel work support for effecting 
movement of the gauging members therewith, oie- 
ments in each housing responsive to movement of 
the cooperating gauging members and electrical 
devices to detect, transfer and combine in a net 
25 indication response of said elements in terres of 
angular displacement of the swivel work support 
with elation fo the primary support, and visual 
means to record said net indication. 
15. In a cylindrical grinding machine having a 
30 grinding wheel and cylindrical work supporting 
means arranged for relative rotational and trans- 
latory movements for grinding tapered cylin- 
dricat work pieces, the combination of a base, 
a grinding wheeI support and a primary work sup- 
35 port am'anged for relative translatory and depth 
feeding movements on the base, a swivel support 
having centers for rotatably supporting a cylin- 
drical work piece, and a de%de for controllin the 
angular relation of the swivel support to the 
40 primary support including a swivel mounting for 
the swivel work support on said primary support, 
and a taper control indicator for effecting an 
angular setting of the swivel work support%dh 
relation to said primary support which is inde- 
45 pendent of said swivel mounting and comprises 
a pair of support movement gauge units tocated 
in spaced relation along the sdeI work support, 
each comprising a housing mounted on the pri- 
maj-support, members supported in each of said 
50 housings for movement with a portion of the 
swivel work support adjacent to the housing, oie- 
ments in each of said housings capable of being 
distorted fo produce measm-eable variations of 
strain therein connected fo be acted upon by the 
5associated member, electrical indicating and am- 
plifying means for providing a net indication of 
angular movement of the swivel work support 
comprising bonded electrical strain sensitive 
gauges mounted on said distortable elements, a 
(0 balanced Wheatstone bridge circuit incorporating 
said strain gauges arranged to produce an unbaI- 
anced current as net indication of angular more- 
ment of the swivel work support, amplifying 
means for said current, visuaI inspeckion means 
ç,5 responsive fo both direction and strength of the 
amplifïed curïent fo provide a net indication of 
said angular movement of the swivel work sup- 
port, and means for varying the position of one 
of said strained etements with relation to the as- 
70 sociated member for adjusting said Wheatstone 
bridge circuit. 
16. In a machine tool in which the tool and 
work piece are supported for relative movements 
including transtatory movement for the perform- 
75 ance of an operation upon tl]e work piece, the 



combination of a work support assembly includ- 
ing a primary support movable to effect said rela- 
tive translatory movement, a swivel work support, 
a swivel mounting ïor the swivel work support on 
said prilnary support, a taper control indicator 
for effecting an .angular setting oï the swivel work 
support with relation fo said primary support 
which is independent of said swivel mounting and 
comprises e]ements carried on the primary sup- 
port directly responsive to movement of portions 
of the swivel work support spaced from one 
other along the swivel work support to provide an 
indication of the movement of each of said por- 
tions, and means for combining said indications 
to provide a net indication of angular displace- 
ment of swivel work support with relation to the 
primary support. 
GEORGE N. LEVESQUE. 
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